(9 g i £ g 5 DD 30 (yghd Wil ) g (yguid g ST Wi S (9115 Awylio
ST S buzo 1 JF Aoliw lgis 4 il jga 4O

S ST o lans ST e T i el e Lo e
\;W ol f)oabuw/ Oyt Ok

Ol eolied (oloan Sy pske olSails udlagy ouSisls dare Cobligy (owiges 09,5 bl

Sy pole ol ccidlags 0aSiily case Cuiilagy (swiige 09,5 daore Clilagy (owdige o) Ly..;L:..;'J)Kr
Oyl cdguinn coguine

Sy pele olSAls (g ouSsls care Cedlig (1SS (Semiils dasse Cubligy (owdige 0l ouli ST
Olpl cagion g

Sy pole ol ccidlags 0aSiily case Cuiilagy (swiige 09,5 dasre Clilagy (owdige o) wL:..;’;)K?
Olpl (oloes lasn

Ol sz Jlad plul,s (S pelke olfasls dame codlige owaige ot 5°

Sy pole oKty (utlags 0aSails caste gy (cmiites 05,5 chanze Cadligy (cwiige (owlid S gozisly
Olpl (oloes (lasn

Ol colhed (laen Sy pole olKails (udligy 0aSidls 1 ghawnd diows g5

elhamhosenii @yaho0.com : s =Sl ey

ol

Gt 35, (o oy (o 55T pa oS5 i 550 e oS Sl 1B g s

:\,,; spa> 0 b i pg)S S o (518 AL 5 (538 i) Al o aeglie adlbe ) )

@ 8 o 2 sl Lo 1,5 Al Hue lains diils
/E é Folier s oolites] yid 5 dudo oz 40 45357, 5l iorpr dnllao ol 0 1S (S99 Slgo
- B oS ] e PH slaiohlh b e 35T, S 5 ity i il o ] i 51 35,5
°>|’ 5 5 B Glaie dilew jpa> 5 LlSTy g e CLE (5099 fls 05T, b (009,58 E i
z o Sldlyr CBL 535T) 4 539,5 Febi b A o9 4yl Sble PH slojrall 5 s ST )y
- g TS o Spe 58 Ay y0 T al e late dlew jgd> 5 LlSTy (g ke CBLE gy

8

o YT adyl cslé 5 iy Fo Uy oF ol PH o (52085 500 il o 15745 olo ol gl 1 458
e PH ol (0,0l aigy Ll (5208 A8 0 Geizman o oy TV il i) o 25 (oo ) - -
S o o5 e D0 ol LlaSThy gk CBE G 0 2)F (o D0t ol g8 Sy CBE LT
b ol b Bl L ko] Gy oo T ol Al LU g5 Sl i) 0 )8 (e ) e Bl o

Wpd (oo Sl alS 9T e sloui ] S STy Lo
B i g S o £V U 558 A b e 208,05 Al 16 S AT

3,0

AXNYIF 1 g0
XN ol

VEEIY s o sl Lo kil Ay 23 0,5 5508 58,0 a1 5 lS (6 o5

[ Downloaded from journal.nkums.ac.ir on 2025-08-15 ]


http://journal.nkums.ac.ir/article-1-708-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-08-15 ]

hes g Sles) Lo yle

g3 g ygde iUl Al 3  ollS duglies” YA

NP O RIS T U RUUSRURVIRUE IREAraw
OBl (ol SlaS 5 g (s 18 w3l a5 g olasd]
Slhxde g alize gl ubie o ol x5,
ors anly o [WOAL wal oo ol sl
s3a> 30 g Gl Ll o LeSg 0 I,
Geb p Oised ST s b el cunllls
V] Wi oo 0y (1 alayl)) 23Sy
Fe"+ H,0, — Fe* + OH +OH'
55 ool g 3l eslitul slr a4 s anlp e S
Sz ool Glasg Sl g as 5SU L 5l 3k
anld cnl sl eslinal el (8L 5 (s g
2 oy pSIl anT R sghige eal gy Sl
S5 sz @bl gl Jslate (58 ol 8 L anslie
Mg wnlp (bys (bl g el gla e el
ALl B o edliS wads Cuols sbml g o S
sulp oy [Vl el g anlp 5 cendy Sl
SeS (g agpp Wb @l Shg Js a5y 2l
oan¥l Jols i YU lenl) ool (5 el o (55100l
Il Sl 1,8 L Bime d> g5 5,90 0 uE g
slo g spax 0 ¥ alal) Gub sy iSUlanl s o
O3990 9 (So Sl Oy o A (bl g0 al
Sae L) JewSg o JS0ol, adss e (lgin wlusTy
cel JSol, opl dady YA sl 5 gmwlas]
ool (oS anlp rizren 0gd e can V] o5
sl b 0 s g g oo Ll S8k 4
Iyl (Falal) anles oo odg )b 90 sla g
(V) aka,
H2O, + (¥) alal,
Fe* - Fe” +H,O +H"
S Vs dhal) Copn cul atie oS a8 ples
ool 5ozl (s 0,59 brialp Sl ey el iy
5 395 (oo oasl (FEBH/H202) (g 4 STy
el o Jos FE 4 FET sl a8 el s
Olies iy 3 G858 59 ol g Bpas Gliee alnly
il &5 eVl )b 50 ol gla g oy
p7 s 5 ik 90 0ol g ol e 5L
anl e bl asl o wnld by o VL

o

A0R0

ol g cew o gl pas crng Jl j0 sloyalS o
S DT ogs axads 51 5 eagll 55, o o ool
6[{»)[.»4[3 S ) Ja..:;m IXVELY ooﬁﬂ J.A‘}C Oy oo
o Slge £55 9 Coumle Dglad a5 AL o Sxio
g5 ol hai oy laanlp 0 eus aF IS
L. (Makgl s

Sl dsb i ﬁsﬁdT‘y] Sle (o0 oz ) LML
5 il o Gluy 5o a5 ol paSiw Sl alos
o S8l sileoss wlio y Gile pyr glie (2l
JSal & ol § saio sy Sla 43 pg,S [F] o5
2 S A g5 s (e L ()b b g A
oo 2l Vo Loyl (b an pe)S Loanlis
Szt o po)S gexs [0l 15 gz 5 1l e
@z Dbl o5 cam Alg o LS 5 Sl
A, 5 adS WSS o S sbul 4 g o0 a5 005
oo il e cotlag Sk ool [#] o5 o Lal
IV] el 00,5 ol 1) oladl jo sud)l ad pg)S
dwge lawgs  Soweln] ST jo 9,8 e piSTas
A0V oyleds a4 lpl peie Oladss 4o lailll
bk G ey bl & ars b calpl
OO G93l bo)lse (B y0 Geizmes 5 S L
oyl aiile s lo by, 5l ool bl
LDvval cal a5 )15 oolatul 5,50 pg,S il
5 039 iy Culsy S sk leanT @l bl
@ 6ok 6yl oxe auie g o Wy S 5l onlee
Foes ol sleds, oL gyl Sl ols olyen
5 Sy9re Sl Sare (nl OSL Sl g S Bds s
ey oorree 5l S VAT el it ol
L bLs,l o ab iy (gmslann] anld (Sl le
ool (OH') LS 000 o1 JIS5a, 51 oolitul § odgs
OpelinST Gilie slaanTp ol 5l [00F]

JJas (HROAFET) g ai] b 51 ool casd pins


http://journal.nkums.ac.ir/article-1-708-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-08-15 ]

YAY &7 () Yo,95 AF Lo

Sl ol s (S5 pole oKiily aloes

e Jerms 2 PH PSA05 Jus 30 ol oS
sBws o)l HACH o5, csls Sensod
ST HACH 8,4 c5L, DR5000 jtogisss iScl
5y50 ALPHA i blise i 5 SIgMA 554 0l o
28,5 )5 oolizl

bS], Sy 0 a5 el o2 aslllas pol> aslllas
AL 5 ol olinlejl 10 AV Gliwss; )3 ahaiie (b >
90 5 Glaes Ko pgle oRuily cldlags caSiils
oz 5l 05 Dol 285 el e al> e
285 Al (oo Sl ) () e 4 O (Sh
Sl ped al>ye )3 g gde pSUl anl B gl al> e
@ e 981y O5de Sl al B 5 1285 plowl (b
o YV exVeo olal 4y ol s 51 095N F sl
90 Sz og Sl agy wo 5l jo (oo Vo alold 5 e
039 Jaie DC g5 51 atpu xSl (s> oo 4 g0 &
39,58l g0 g WIS lgie 4y 09 mSINY olows a5 (gl aigS @
Dgad iyl 1) Guds

¥ @y 5o PH b pgdy mSIhanlp 5o Jgl al> e 5o
Oigpdep cdale (&g Yo L Ve) obsldy AL
P9 adgl Sbale 5 (id )5 (o Ve -T0) LS
sl 32 a3 Gl 33 08 Shoa Vo))
£S5 o Bee-Vee) cdale b ooaisS alslae lgie o
8,5 8 s oppe Bd> anl Ll 58 (R e
S8, IR s 0590 25 3l soled 558 talejl
9,8 Olge cdale Glie b,z 3y sl rial jo oS
B I R G S R\ R IR
5 Jly ) 9enSon o by PH o cd )8
S Sz 85 Djgo Vee ) SG edlen dl
SlogyS 58 3l pg,S slo ke plo g j0le pg)S Jolore
Vool Gl cdale ool o eolaw! (KoCrOy) el
o s s b 8 eSS 0 eF e
3008 oy el S (poie (i Glie 2813
O pgyS alise e cdile b gle wiged asldl
e 53l 288 S o g ead wnTd oy bk
Geb pgyS oxle (Bb g adyl clile addllas 550 sla
3 lasbiwl SLS yo ool al,l YO+« =Cr B Jo! ;5o
ESRCIR PSP N EURCIEIN | £ IRVRSK JICH JE JRCON

¥ ahl) (b Soas ploz lesliial b gy oSl
Il oot o adss 22 5 ool (slessy

(F) akf,
Fe* +¢ - Fe”
S Wgd o g e g8 T o gy nSUl a3
9 ool glo g ol eolinul S50 g5y )
Oioed ooges Wlal g (oSl Ojea S035b
omb Pl Lo a4 el ges Ojgar wLST,
Dy 5 4 WlaSTy (59,008 adgi Sy 5nS]
e o Olag jo b caYl plu jgas 0,5
ST B paae Byb 5l oot Al i sliy! ely
Sl an ) o JeSg 0 S0l wile plend slo
&l adllas o e 5 (6B ol oo L oo cuY]
ol mlio K5, Bd y5id alyd sl ol |
e aVl o asbew [VF] wols 13 aslllas 5,90
mlio aile o glo ey 5 )by o a5 cuul
S o Bl pg)S 318 LS po Slils hilay 5 g S
2 S Al Jelge 3 s a5 Sl 5l Y0
ol gl adllas o Lol Glaal 51 S anls SIS
ol o 5 Al Gl adbes 23U G (nlpls
Oy Sl ol oLl e " e3dse 0nl b addllas
Olyim dsilew 9> )0 9 (BB D g5 B> o
s Sy Sk gle ol 5l 5 albls
L BUC

I o)
b by Slog S 50 Jults adlllae (nl 55 (3 pas s
WA ogls az)o ARVEI e o)d AN ol
VS R 0 VQ')’”%@ KV YRRV
Jb o CanSpue e S gilgaad
EERCX g PRV A ERE TRV ey
Wg%ao&wow.@)ﬂ1@»5‘5ﬁ

1-K2Cr207
2-NaCN
3-H202
4-H2S04
5-NaOH
6-C13H14N40
7-HNO3


http://journal.nkums.ac.ir/article-1-708-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-08-15 ]

hes g Sles) Lo yle

gl b g gy pSUl il h o)lS duslios” VAY

Gis el aoys D L Geol VO il §eel)
S 5 solaidl slo anie & axgi L 1) Lol csaliv
3 e eea 4 Sy Y g Ve 5l e plend) oS
aslllas 3,50 gy 5Ly lore Voo sldy ald aslsl

L8558
Ojgsed Sl 556 gy 4 aslllas Sl al> e cpl o
anlp plol o> e el 4 oy wlaSTy
Ay cpl el wiBhy gend g (edy Sl
b b pgyS adsl wdale g PH Ly sl il
9 5 50 5 I Gl 4 cldg xSl bl il o
e Vo g VO 0 YO N wllSTy g 0 cdale
@l 285 Ojgo iy iU Sliulesl jo 1) e S
4l (2) 5 () Ceand B Jlogai ;o al>ye nl 5l Jol>
‘SJ)lS YL el attine S 4 les el oul
lSly Gigy0ee chile ol (Hn a4 bgye al
Al clle ol jo a8l e 2 g e e 0
) sdb Gl 09,8 5l ao 0 AV el 0l gidg Sl
NlaSTy Oigueee chile le jess b nled Bio
5V sle cbale (o a5, sk dges ks anlE ST
anld ST wlasTy igae il 5o il (e Ve e
anld ol asl mels asw VY o VP @ cuip o
onleyl asles i leadly cpSYL g5 g
£S5 ke 00 wlSTy Gigpaee cdale jo gy iS]l
e cdale pl o Bl lewly a5 il o 2 p

RGO IRV
Slags Olyts 30 gy 0 addllas 1 a0 ol 5o
o anlp e el Gl e e olsie 4 g
S 5o S e Voo opgS adgl cals s sl
25 ke 00 bl 039,008 clale ¥l pH
Do YO N iy g8 g cdale 5 1)
235 B owon s ) 3 )5 e Ve e g VO
oo il 5 pgS Gis sleadl, ¥ loge el
Aoy A 09> 5 jlade (p s ool 2 0 08 e
ol 2008 (oo (b 1) (B e ol w5 ASL (o
Olom dblew (g s8> 250 (o) 2 4 aslllas 5l al> e
FESYCEL RPRIPCEL FICUY ENCR PR Rt gRNESRe
Ll a5 Cenl o 4251y, byl id pg,S i

o g dges 0 saile (Bb ool wile 5 alslae Jalse
@l o 50 diged D908 RalS ized 5 Oy
43,83 ;0,90 Fror Ceyw L addSo ¥ Goe 4 b aigas
Sl (9503 ABLSN 51wy digad 5 IUT 5 Wads Soady il
Voo oley i3S Gl am LS b 60 s S
Sl OF oo Jsb b (6 iegiby pSl Lawgs aido
oolaiwl b s ools Judod ayyo0 il o g ol (655 ol
285 )18 Sl 0yse ST 18 e

o 4l

S il e e o PH b ey 5l ol b
Olis (©) 9 (@) Cond V Gloged H0 (A 1Y) oogusce
g Ve a5y yaiide mSl ass 1,8 j0 .l oulis ools
Slilges maes 2l 53 )5 1D jpd p0 2 1D el
9 Sl clile i ialel 5o 5 cods Sl lsiny
g cble anl g0 j0 50 0 i pe)S ke O
oo YO 9Vl i @ (395000 0T 5 09,8
2 poyS Bim o5 a5 ol s b o 2 2 psS
1 a5 gl wgS @ el PH 56 cow anld g0 e
OB pe)S Bl ol iy ey xSl w8
g Sl Cawds o0 AY ke 4 Yl pH o b,k
ao,d OF sgam 50 9 4 ply pH o LIS o xS
(©) Coomnd [0 ygid MT)S 5l ol s el Gy
A e @ s ¥ pln PH o 2STas oI5 as ol lis
VY CTR VIRV

@ 39,9 Wy ;b o)z 4 addllas Sl al> el o
ol ailoy (ygidy iSUl anlE el e yo ST,
O peyS adsl ke Yl PH Al e cnl o ol
Oigee e i) o a8 e Vee il (2850
Sl psIl abale 5 ) p oS (e YO 2l wlaSTy
9 Vo e oty al> e cnl jo 09 i 0 p)S -0
3 1D e ITD i 4 S gl L cdy ¥
aplB @l by 58U e Caz el VO
b odezin ()l b pg)S Bd> )3 gty xSl
Ol oo AT 8L o YV Jloges jo ead gl gl
Slosily (2 5eS 4y yskay ol anld T 5 el
AV L Gl <1Y0 ol 5hael) Ve s 5ty @ by se
Sy T pln sy 4 bape T Yl g oy


http://journal.nkums.ac.ir/article-1-708-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-08-15 ]

VAY 57 (¥) Vo 03 AF JLo

e ol Sy pole olSiils e

100
90
80
70
60
50
40
30
20
10

(% )b Hhasii

0

—4—pH=3 —@—pH=7 A— pH=9 =—e=pH=5
P

B L — | 20 25
Ah8 uiSly Ola)

Voom pg,S cdale) gl mSUlanlyd (o asin lo) Dae j0 pg,S Bds j0 laoee PH &l sy 130 (@D loges

—4— pH=3 —8—pH=9

10

20

30 40 50

MAAE" GRSy Hla)

Voom pg,S cdald) ed anlid o asin ey Guk )0 g, B> o laoee PH Sl s 30 ()Y jloged
(435 0+ STy oy 950 08 (LeoVO (o] (g cdale 1) 1005 oo


http://journal.nkums.ac.ir/article-1-708-en.html

Ohles 5 Slox) Lol o]y g (ygidg S Alyh o)lS duslies” VAY

[ Downloaded from journal.nkums.ac.ir on 2025-08-15 ]

100 +
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 -

0 . . . . . |

0 5 10 15 20 25 30
"R e

oo Vo oS adgl cale @ BaV e Sy lej) iy iUl ail b 50 pg,S Bda el 5y 3BT Hloges
Gid 2 ) oo YO ey 039,000 lale 5 ¥l PH ) po 05

—e—V=10v —a—V=20v —&—V=30v -

(% )bia Hhasit )

120 -
——H202=10 m/lit
100 - —m—H202=25 ml/lit
R —4—H202=50 ml/lit
3 80 1 —<—H202=75 ml/lit
o) R—— = i
4 60 —H202=100 ml/lit
)
£ 40 -
20 -
0 T T T T T 1
0 5 10 (minlSisi, by 20 25 30

PH) 8yl (s g, Bl o gy mSUlaiTyd LS aylaSThy (39,000 Cdile 150 (pund (D) Y jlogas


http://journal.nkums.ac.ir/article-1-708-en.html

YAOS” (F) Yo ,95 AF L Jlos Glalp Sz pole olKuisls aloxe

[ Downloaded from journal.nkums.ac.ir on 2025-08-15 ]

— B bS]y 0 pue ke =25 0 il e e bl 0ol =50 sl s sl e
100 - e gl 0jone Cll 75 0 0 i e — kSl g g e =10 il o i e
bl g e Clle =100 Sl p bl e

o] T T T 1

10 20 30 40 50
(ddis) 251y (s

o2l oz clle @rds 0 STy oloj) (o3 il o pe,S Bd el laSThy (35 Clle 5L Q) Yyl

G o S oo Vo oS adsl cllale 5 Yl PH cnd j0 005 (Lo 01

100 +
90 A
80
70 -
§ &b —o—Fe2+=100 mg/lit"
g a5 —8— Fe2+=250 mg/lit"
';_2' 40 | —&— Fe2+=500 mg/lit"
T i Fe2+=750 mg/lit"
20 - ——Fe2+=1000 mg/lit"
10 -
O T T T T T 1
¢} 10 20 30 40 50 60
(ar.3d) L,JS', QLQ}

o Voo g S cdale) g ol B 0 et loy S [0 pg,S i 0 Jae ol e cdale Sl s 36 IF loges
(aido 0 28Ty Ly o VL plppPH 2d o0 8


http://journal.nkums.ac.ir/article-1-708-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-08-15 ]

hes g Sles) Lo yle

gl b g gy pSU il h oIS duslios” VAS

S a4 JeS g ne G, oL pH o ioes
Sl s g G (S8l LS g 000 LS POl
PH o @35 oo olille o [¥V]ogs o ool
0392 o o (V25 Jgene job &) ol s
WIS (oo Joo 2T (59,008 9 09 SN easl) (lym
Iyl ws sales LS palS cow sy ol &S
b @55 oy Jds 4 ¥l meS pH o iren
HoOz ol 2 odle 058 oo S 2Ty FE(H20p) "
Pl sle 655 a4 (i, oz YL sl cdals o
@lord <55 b opsdS b le w5 5
oSy g ol 0sh e s (HO)
G155 65l liEl el o S5l o | St 2SO
o sb g el gl e b Sl cesls
PH 36 ,Sily 50 alie Olllas b [¥YrYlogs
T T g N T
sl Gi> 4y a5 gl asllhae b o San 5 (G058 e
RE T NN IR PUES ISURNCTE ARV IRV JE R
e GYLPH ol o as wilesls 5155 Y Wl pH o,
& anlllas o [¥F] ol o i 1) ailw 5wy
S ols g oad abxl LKes 5 ol e g oS
el sl o wulp g K81 gonl Sllee
R L T
adllas jo cpizman g [YO] ol osal cans 4 ¥ 4l
YooV Jlo o oiSen o lgh Kone Lawgs a5
anlp g o) e B lendly g ol a8 5 050
PSCTN] IR O KOS DRV JRPESU IPCE R CIVRICS WL |
5 Sl Qo3 A Koy Cewl Hlade o 5YL PHEY (o
59a5 a5 Cowl PH=O jo san¥T i Jlaie o5 ool
JURIRC O P PN TR IR I | ¢ 2 ERCOWH BV
9905 S Ol oliee (aleordis Ul a8
e S35 2 rebl ol LYV] el anT 81, o
(S ol Gl L el SIS 6 b ausTy
Gl Js a eanT pleardis 2SI s (e
i3 g 28Ul s 51 ol le (g s SI3T e
ol slayll sl plas o il S oo oy

1. Electrophilic

2, Minghua Zou

Xl PH Glejl g0,0 6l aloye onl 5o 4t
chle g 2 jo 05 e VooopgyS adl cdile
Slrs 20l oo 2 2 ) e 80 LT G390
Olesl 5o g 2oV ply i 5y i SUl Lo
Al oo yid )0 p S e B0 ol g bl g
6 a0 aules iz b clalé by ol oles
28,5 8 sy Syge S 50 a5 e B0 b yao
2 Sl Hea> Gog IS L sy ol s
O pgyS Bdo 0 g 5 oygiidy iSIl an T ST
Sl 5o e xSl Gabesl o all e bl
Sl blyl cp e o o)l jeas b jo abew
s )0 aibew jpam b g ol Bis 9,5 5las,s AY
PRARRICVH EISUPRUE S J gtV RS JRCH J Ly
Q%EQMTPg;JJS%JLWHFﬁ;«sL*‘A”
Olojlye fizmen ] all alS asys Y 4 FA
Sl yd 5o 05 e Br ey Ve cdale o g
L8l ymalS 5o ae,s Y 5 PO i anl g ol)ls
claanls o e Slew &5 PHO L
D08 i ygemlannST glaanT b g olowing xS
O iz glaanld Slidlls (sled )0 45 g5k 4
o ot oaliul 990 anld L1 el ol
i )50 PH el 558U 5 addllas cpl po o9
slo sl 5 oy anld o IS b 4 285 )8
Lol lulps jo 2l Sl ol 5l s 5 ISs
o o,Lsl a5 4565 Lo [YVYAl ceul £ Y Ll pH
oty adsi 5xdg Sl g gmid il el conl
50 JBGol) pl gl cuols il oS g 000
IVAD el oy Sl Luls 4y cos ownl pH
Slal g pgmlanns ©j08 ol PH o 4S5 5k
@V plpPH o Jy el g YA JenS'gp0e0 JIS50],
celb PH Gl 13 oS o g els cdg VA
ab selys tidg Sy s anld ol Gl
Sty 4 JonS 5500 SIS0l Y (sYL PH s [¥4]
s OieST @l JBo0l 6 kb basly 9o slge @
Onl Sy g (ST 9enST ot a5 0l salss

Ire] cals walys S5 o JSool, 4 Cad 55


http://journal.nkums.ac.ir/article-1-708-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-08-15 ]

YAV (£) Yo ,05 AF JLo

S plwls (S pole olKiily alore

e 5l e IS walss e 23U oSy 000
A a5 el HO,' wisles Lawly a> lge sl 50
GO39 2375 5l wleSTy (3900 0 5l i il
CA—C).A.AJ Ja....:‘a > oole U"‘ \)5....4 = ..\.JB.' ..\JLNS‘JA
JBel)y 40 S (655 ol GgmmlienST 503 5 2uSTy
2 @bl el Jle 5l pizeen 3jls JuSgy000
pdes Odg pas 4 Glei e oeole ol bl cdale
U a3 ool Glsg [YY] ol o gus Kausy
Y LRV KRUTVET P UW] KVOWL J RCRY Jt- S 3| PR SO
4 09 dolgzs ol (35,0 9anSTy (ol Sl e
ol b aldl S e JenSg e S0l ks
wal B 2Ll 5o xS mir Gl ool Gln e
Sy onl Slg Hlade iolidl ol aalyss sosliv
ke B sz sl s 5 00,5 gl osed |y Jslowe

[fa] cosls walgss o
Bi> Soyp Oes 5 (FR & Gl adlas (b
il ools plonl (ygtid Bpxe aliwg 4 Jid ST
G u.le sl 39 clale u.ubs‘ S Cewl 00l cualice
5 bl ogd (oo anld 2l Gl carge Veo o/
wl e ol anld ol Tl L ekl
sy il sls oan¥T mlio slo Slay o [¥5]
Sl 51yl jo asilw g (8l 2l pg,S 5l
LS o alils asle g S e siile o sl
30 bbb i g, B> 50 Al lawgi ouls NN
slge a5 Glwl 51288 JIE cwyp 0y9e i
2 S 4 ooy hled gl ez 5 alslas
Srae llg Wigd oo el wSgue S0,
plo 5 anSg 0l JGol; aile susS anST Jolse
Bas sleaily als plols wile 1) e sass oS
Ot b 5 alBle jgas 0 (b AL ey S
oS ol anlllas ol [YFFV] 0il o aum gy BB s s
ail oals plowl 3 alslae laie Siogun sl gl o
ol @D 5 Sogen sy (35 4138 556 Siky
& anlllas o [¥F] asl o ailow Bis o laan] )

95 W1 e 536 Saen 55, » 3y 9 (Sl
Sl e Gulpli 055 (oo (5551 S rae Al el
Sz S ol by s Sl Gl SRl
3 LS sbml pezmes ola wsly slml Sl
a5l 58 Gl g a1 G oad ST ST,
ozl 6550 YU Grao 5 oljle 2 adgi daog 2SI
SN by s 5ty 0o 5l G GilEl IYAD sss
GlB 98Ty e Sallae 5 (ol la 2515 g58
sy anl g SIS zals cel b STy ol wons oo
Sl g (0 LisSTe) &l mhaw 51 ST 58 Lacs! o
YL slasldy o (¢ 1Sy W5 a5l (39,00 5
4 a5 wgh e aies Ol 4 YL slajldy o 059,008

(V 2STl) w00 Rl ) (25 095 a9
2H,0 - 4H" + O, + 4e

@) ak,
2H' +2e - H,
() akl,
H,O, + 2H +2e - 2H,
(V) akal,

wlp gl @l e b Sea 5 ol
Sy0e 1y ol gl lame 1 8 Bis> o yguidg iSJ
VP—o 5 00gumme s addllae opl o sls JI3 0wy
S 2S5 ey 0p9e e el p el oo
Sl el (oo VP Slel po wT L G YL
Fably piee 5 S IR as 515 e e
wbpig gl gloanlp n S0 gl
5 ogd anld o cwl S alSl b S0,
My g plem Wby Gigaes ey Sl
ool L) ), b a5 el Sy 0me 00,
JEesl, adg el ol (28)b 5o slo (g L 25T
O Sble B L s S o JeS e
ool ads malil el ot ax b LSl
Sgl oo anld SLIT ol amil o g Sy 0
Sy Girogs w555 cnl Slgs oo |y ol ol s LY FF]
oanl, olem wluSTy, 59,000 YU sl cdale jo oS
JSasly clale (55, 5 00g0d Jos JnSTg 000 SIS0,

1- Qutturan


http://journal.nkums.ac.ir/article-1-708-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-08-15 ]

hes g Sles) Lo yle

el g (i ySUl als oIS duolies” YAA

Jolse (oyp Gize (nl 0b bl (e S Lawgs oS
LA ols 1,38 aslllas 5,50 (ysiid ol 3 0 1, 3 alslas

S Al

Sim 0 2V pleadl)y anld g0 e v oo plis s
O il 4 S gy Sl sl 8 Lol s ls g S
2 peS Bl pledily a5 sl YL LS
Soy A gd anls g wo s AV sy xSl w8
9 ovred 5 b Ol gy S lgie a5 ll (o
S pgyS ooVl Bl (gl YL Bi> plewdl) L
s3> 53 oy Sl ol plead) sl o el
OFd anls jo 5wy PA Ll gd STl S alslas
KUY FCIRVIRVESS o g 0

S0 g i

amlio " plyie b Glidos £ib ol pol> alie
P, Bi 50 ogiis an b 5 oygidy xSl anl B IS
@ b Hpa> 50 ol e bame 5l )b i
pole olSadls ctmghy Cigles gas S e lgie
w3l e QYATIYEYYE b o led) oloas (S5
el 1) 095 ol 5,525 il e e (a8 1

...\.;)‘\J <?


http://journal.nkums.ac.ir/article-1-708-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-08-15 ]

YA 57 (¥) Vo ,00 AF Lo s ol Sip pole oSl aloe

References

1. Okadera T, Watanabe M, Xu K, Analysis of water demand and water pollutant discharge using a
regiona input—output table: an application to the City of Chongging, upstream of the Three Gorges
Dam in China, Ecological Economics, 2006;58(2):221-37.

2. Patterson JW, Industrial wastewater treatment technology, 1985.

3. Grady Jr CL, Daigger GT, Love NG, Filipe CD, Leslie Grady C, Biological wastewater treatment:
IWA Publishing; 2011.

4. GuptaV, Shrivastava A, Jain N, Biosorption of Chromium (V1) From Aqueous solutions by green
algae species, Water Research, 2001;35(17):4079-85.

5. Hamadi NK, Chen XD, Farid MM, Lu MG, Adsorption kinetics for the removal of chromium (V1)
from aqueous solution by adsorbents derived from used tyres and sawdust, Chemical Engineering
Journal,2011;84(2):15-21.

6. Park S, Jung W-Y, Remova of chromium by activated carbon fibers plated with copper metal,
Carbon Sci. 2001;2(1):15-21.

7. Organization WH, Guidelines for drinking-water quality: World Health Organization; 1997.

8. Sun J-M, Shang C ,Huang J-C, Co-removal of hexavalent chromium through copper precipitation
in synthetic wastewater, Environmental science & technology, 2003;37(18):4281-7.

9. Hafez A, El-Manharawy M, Khedr M, RO membrane removal of unreacted chromium from spent
tanning effluent, A pilot-scale study, Part 2, Desalination, 2002;144(1):237-42.

10.Ribeiro AB, Mateus EP, Ottosen LM, Bech-Nielsen G, Electrodiaytic removal of Cu, Cr, and As
from chromated copper arsenate-treated timber waste, Environmental science & technology,
2000;34(5):784-8.

11.Moreira E, Ribeiro AB, Mateus E, Mexia J, Ottosen LM, Regressional modeling of electrodialytic
removal of Cu, Cr and Asfrom CCA treated timber waste: application to sawdust, Wood Science and
Technology, 2005;39(4):291-3009.

12.Sikaily El, A., Nem EL, Kaled A, Abdel N.Removal of toxic chromium from wastewater using
green alga Ulva lactuca and its activated carbon,” Journal of Hazardous Materials, 2007;148(1-2):216-
28.

13.Guan Q, Wu D, Lin Y, Chen X, Wang X, Li C, He S, Kong H, Application of zeolitic material
synthesized from thermally treated sediment to the removal of trivalent chromium from wastewater,
Journal of Hazardous Materias, 2009; 167(1-3); 244-249.

14.Jacinto M, David C, Perez T, Jesus D, Comparative efficiency of algal biofiltersin the removal of
chromium and copper from wastewater, Ecological Engineering,2009; 35(5): 856-60.

15. Ahmadi M, Vahabzadeh F, Bonakdarpour B, Mofarrah E, Mehranian M, Application of the
central composite design and response surface methodology to the advanced treatment of olive oil
processing wastewater using Fenton's peroxidation, Journal of Hazardous Materials, 2009;123(1-
3):187-95.

16. Dantas T.L.P, Mendonca V.P, Jose H.J, Rodrigues A.E, Moreira M, Treatment of textile
wastewater by heterogeneous Fenton process using a new composite Fe203 carbon, Journa of
Chemical Engineering, 2006; 118(1-2):77-82.

17. Badawy M.I, Wahaab R.A, El-Kdliny A.S, Fenton-biological treatment processes for the
removal of some pharmaceuticals from industrial wastewater, Journa of Hazardous Materials, 2007;
167(1-3), 567-74.

18. Barreto-Rodrigues M, Silva F.T, Paiva T.C.B, Combined zero-valent iron and fenton processes
for the treatment of Brazilian TNT industry wastewater , Journal of Hazardous Materials, 2009;165(1-
3),1224-28.

19.Su C-C, Chen C-M, Anotai J, Lu M-C, Removal of monoethanolamine and phosphate from thin-
film transistor liquid crystal display (TFT-LCD) wastewater by the fluidized-bed Fenton process,
Chemical Engineering Journal, 2013;222:128-35.

20.Amat A, Arques A, Lopez F, Miranda M, Solar photo-catalysis to remove paper mill wastewater
pollutants, Solar Energy, 2005;79(4):393-401.


http://journal.nkums.ac.ir/article-1-708-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-08-15 ]

OhlSer g Sl Lol iz b g yaiiby S AE LS duglies” VA

21.Virkutyte J, Jegatheesan V, Electro-Fenton, hydrogenotrophic and Fe** ions mediated TOC and
nitrate removal from aguaculture system: Different experimental strategies, Bioresource Technology,
2009;100(7):2189-97.

22.Pignatello JJ, Oliveros E, MacKay A, Advanced oxidation processes for organic contaminant
destruction based on the Fenton reaction and related chemistry, Critical reviews in environmental
science and technology, 2006;36(1):1-84.

23.Zazo J, Casas J, Mohedano A, Gilarranz M, Rodriguez J, Chemical pathway and kinetics of phenol
oxidation by Fenton's reagent, Environmental science & technology, 2005;39(23):9295-302.

24.Eslami A, Moradi M, Ghanbari F, Mehdipour F, Decolorization and COD removal from real textile
wastewater by chemical and electrochemical Fenton processes: a comparative study, Journal of
Environmental Health Science and Engineering, 2013;11(1):31-9[Persian]

25.Jin WJ, Fernadndez-Arguelles M T, Costa-Fernandez JM, Pereiro R, Sanz-Medel A, Photoactivated
luminescent CdSe quantum dots as sensitive cyanide probes in aqueous solutions, Chemical
Communications, 2005(7):883-5.

26.APHA, AWWA, WEF, Standard Methods for the Examination of Waters and Wastewaters, 21std.
Washington, DC: American Public Health Association (APHA); 2005.

27.Ranjit PID, Palanivelu K, Lee C-S, Degradation of 2, 4-dichlorophenol in aqueous solution by
sono-Fenton method, Korean Journal of Chemical Engineering, 2008;25(1):112-7.

28.Burbano A, Dionysiou DD, Suidan MT, Richardson TL, Oxidation kinetics and effect of pH on the
degradation of MTBE with Fenton reagent, Water Research, 2005;39(1):107-18.

29.Babuponnusami A, Muthukumar K, Degradation of Phenol in Aqueous Solution by Fenton,
Sono-Fenton and Sono-photo-Fenton Methods, Clean-Soil, Air, Water, 2011;39(2):142-7.
30.Westerhoff P, Mezyk SP, Cooper WJ, Minakata D, Electron pulse radiolysis determination of
hydroxyl radical rate constants with Suwannee River fulvic acid and other dissolved organic matter
isolates, Environmental science & technology, 2007;41(13):4640-6.

31.Nidheesh PV, Gandhimathi R, Ramesh ST, Degradation of dyes from aqueous solution by Fenton
processes: areview, Environmental Science and Pollution Research, 2013;20(4):2099-132.

32. Xu X, Li X, Li X, Li H, Degradation of melatonin by UV, UV/H,0,, Fe*"/H,0, and UV/Fe*/H,0,
processes, Separation And Purification Technology, 2009; 68 ( 2): 261-266

33.Hammami S, Oturan MA, Oturan N, Bellakhal N, Dachraoui M, Comparative mineralization of
textile dye indigo by photo-Fenton process and anodic oxidation using boron-doped diamond anode,
Desdlination and Water Treatment, 2012;45(1-3):297-304.

34.Samarghandi M, Shabanloo A, Shamsi K, Mehralipour J, Poureshgh Y, Performance of
Electrofenton Process to Remove Cyanide from aguatic Environments in Presenceof Interfering
Humic Acids Journa of Health ardabil, 2013;4:293-303[ Persian]

35.Aliabadi M, Fazel S, Vahabzadeh F, Application of Acid Cracking and Fenton Processes in
Treating Olive Mill Wastewater, Iranian Journal of Water and Wastewater, 2006;57:30-6[ Persian]
36.Zhou M, Yu Q, Lei L, Barton G, Electro-Fenton method for the removal of methyl red in an
efficient electrochemical system, Separation and Purification Technology, 2007;57(2):380-7.
37.Babuponnusami A, Muthukumar K, Advanced oxidation of phenol: a comparison between Fenton,
electro-Fenton, sono-electro-Fenton and photo-electro-Fenton processes, Chemical Engineering
Journal, 2012;183:1-9.

38.Panizza M, Cerisola G, Electrocatalytic materials for the electrochemica oxidation of synthetic
dyes, Applied Catalysis B: Environmental, 2007;75(1):95-101.

39.Pimentel M, Oturan N, Dezotti M, Oturan MA, Phenol degradation by advanced electrochemical
oxidation process electro-Fenton using a carbon felt cathode, Applied Catalysis B: Environmental,
2008;83(1):140-9.

40. Moussavi G, Mahmoudi M, Degradation and biodegradability improvement of the reactive red
198 azo dye using catalytic ozonation with MgO nanocrystals, Chemical Engineering Journal,
2009;152(1):1-7.

41.Prieto A, Méder M, Rodil R, Adrian L, Marco-Urrea E, Degradation of the antibiotics norfloxacin
and ciprofloxacin by a white-rot fungus and identification of degradation products, Bioresource
technology, 2011;102(23):10987-95.


http://journal.nkums.ac.ir/article-1-708-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-08-15 ]

YAy 47 (F) Vo,e0 AF JLo o ol 3 S pole oKl aloxo

42 Mohammadi AS, Mehraipour J, Shabanlo A, “et al”, Comparing the Electrocoagulation and

Electro-Fenton Processes for Removing Nitrate in Aqueous Solution for Fe Electrodes, Mazand Univ
Medica Scince. 2013;56-67[Persian]

43.Gomathi Devi L, Girish Kumar S, Mohan Reddy K, Munikrishnappa C, Photo degradation of
Methyl Orange an azo dye by Advanced Fenton Process using zero valent metallic iron: Influence of
various reaction parameters and its degradation mechanism, Journal of Hazardous Materiads,
2009;164(2):459-67.

44 Vaopoulou E, Gikas P, Effects of chromium on activated sludge and on the performance of
wastewater treatment plants: A review, Water Res. 2012;46(3):549-70.

45. Zhang H, Choi HJ, Huang C-P. Optimization of Fenton process for the treatment of landfill
leachate, Journal of Hazardous Materials, 2005;125(1):166-74.

46. Panizza M, Cerisola G, Removal of organic pollutants from industrial wastewater by
electrogenerated Fenton's reagent, Water Research, 2001;35(16):387-92.

47. He D, Guan X, Jun M, Influence of humic acids of different origins on oxidation of phenol and
chlorophenols by permanganate, Journal of Hazardous Materials, 2010;8:168-82.

48. Winterbourn CC, Toxicity of iron and hydrogen peroxide: the Fenton reaction, Toxicology L etters,
1996;82(83):969-74.


http://journal.nkums.ac.ir/article-1-708-en.html

[ Downloaded from journal.nkums.ac.ir on 2025-08-15 ]

Comparison of performance the electro fenton and
Fenton processin the removal of hexavalent chromium
in presence of cyanide asan intermediate in agueous

Rahmani AR, nemati sani O?, dehghan AA®, akbari S', asadzadehS\®, Hosseini E° *

Professor, Environmental Health ,Department of Environmental Health Engineering, School
of Public Health, Hamadan University of Medical Sciences, Hamadan, Iran .

2 MSc. Department of Environment Health Engineering, School of Health, Mashhad University
of Medical Sciences, Mashhad, Iran.

¥Sc.PhD Student of Environment Health Engineering, School of Health, Mashhad

University of Medical Sciences, Mashhad, Iran.

“M.Sc .Environmental Health, Department of Environmental Health Engineering, School of
Public Health, Hamad an University of Medical Sciences, Hamadan, Iran

®MSc in Environmental Health, University of Medical Sciences Bojnurd, Bojnurd, Iran
®BS.Environmental Health, Department of Environmental Health Engineering, School of
Public Health, Hamadan University of Medical Sciences, Hamadan, Iran

*Corresponding Author: School of Public Health, Hamadan University of Medical Sciences
, Hamadan, Iran

Email: elhamhosenii @yahoo.com

Abstract

Background and objectives: The chromium compounds could be hazardous to
human’s health. The aim of this study was to compare the Performance of Electro-
Fenton and Fenton process in the removal of chromium in presence of cyanide as an
Intermediate in aqueous.

Material & Methods: In this experimental study, a reactor with 1 liter useful
volume was used. Four electrodes made of iron were used in EF. Parameters of
study including pH, Voltage, initial concentration of chromium, H,O, and cyanide
as an intermediate in EF process and pH, concentration of Fe ions, initial
concentration of chromium, H,O, and cyanide as an intermediate in F process were
examined.

Results: The results showed that efficiency of EF processin pH=3, Voltag = 20V in
100 mg/lit chromium, was 97%. Also in F process in optimum condition with pH=3,
Fe ions = 500mg/lit, H,O, = 50mi/lit and chromium concentration = 100 mg/L
efficiency was 90%. By cyanide addition reactor efficiency was decreased.
Conclusion: EF process outperformed Fenton process in removal of chromium
compounds.

Keywords: Electro-Fenton process, Fenton process, chromium, Cyanide, aques

j
2
c
)
o]
£
A4
=
=
S
Z
S
©
=
5
o
~

Recivied: 23 Feb 2015
Revised: 7 Jun 2015
Accepted: 23 Jun 2015


http://journal.nkums.ac.ir/article-1-708-en.html
http://www.tcpdf.org

